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THICKENING AGENTS FOR AQUEOUS SYSTEMS 

BACKfiROUND CT THE INYKNTIOH 

1. FIELD OF THE INVENTION 

Tha preaent invention relataa to compoeitiona uaeful 
as thickening aganta for aquaoua ayateao. Mora particularly, 
it relatee to compoeitiona comprieing amectite claya and 
cationic polymers. 

2. DESCRIPTION OF THE PRIOR APT 

U.S. Patent 4,157,388 (Chriatianaan laauad 
Juna 5, 1979) daacribaa a variaty of cationic polyaara. A 
typical product according to that patant is of tha foraula: 
CH 3 CH 3 — | 

-N©-(CH2)3-N-C-H-(CH 2 )3-H®-CH 2 CH 2 OCH2CH2 I 2nCl* 
CH 3 H O H CH 3 J n 

wherain n la at laaat ona. 

Tha producta ara atatad to ba of uaa aa conditioning 
agents in shampooe, aa anti-etatic and humectants for fibrous 
textile producta and anti-dusting aganta for powdara. 

In commonly assigned copending application Serial 
No. 758,483 filed on July 24, 1985 which ia a continuation-in- 
part of application Serial No. 485,197 filed on 
August 15, 198 3, there are described producta of the general 
Formula: 



0 0 
!i il 



-N3-(CH 2 ) x -NHC-(CH 2 ) m -C-NH- (CH 2 ) y-N^-A 
^2 R 4 



2nZ' 
n 
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wherein Rj, R 2 , R 3 and R 4 may be the ease or different and 
are selected from the group consisting of hydrogen, 
methyl, ethyl, propyl, -CH 2 CH 2 OH, -CH 2 CH(0H) CH 3 and 
-CH 2 CH 2 (OCH 2 CH 2 ) p OH wherein p is an integer from 0 to 6 with 
the proviso that not all of R 1# R 2 , r 3 and R 4 are hydrogen; 

x and y are the same or different and are an 
integer from 1 to 6; 

n is a value such that the number average molecu- 
lar weight of the product is in excess of 20,000; 

m is an integer from 0 to 34, for example, 
3-10, typically 4-7; 

X is halogen; 

Z is halogen or amino-diamido ammonium residue; and 
A is the residue of a dihalide. 

U.S. Patent No. 4,719,282 (Nadols)cy et al) describes 
certain block copolymers of the formula: 

C(2[x+y) ]© 
[Q w L(AL) x (BL)yAQ v ] 2(x+y) 
wherein A is 



and B is 



wherein: 



-*P(CH 2 ) pNHCNH ( CH 2 ) q J# 



I 

R 4 



R 5 0 0 R 7 

-N® ( CH 2 ) r NHC ( CH 2 ) m CNH ( CH 2 ) 6 N®- 
R 6 R 8 



R l> R 2' R 3 ' R 4 » R 5» R 6» R 7' anc * R 8 are th e same or 
different and are generally selected from the group consist- 
ing of C-L-C3 al)cyl, C a -c 3 hydroxyalkyl , or hydroxy polyoxy- 



, 1 \ri » 1 A V* I 
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0 is a hallde ion; 
_ L is a linkage derived from a dihalide after removal 
of the halogen atoms, x and y are integers ranging from 1-100, 

m is an integer from 0 to 34, 

p, q f r and a are the same or different and are 
integers from 1 to 6, 

and Q is (BL)y where the bonds between L and A or B 
are carbon-nitrogen bonds formed by quaternization of the 
tertiary amine functions of A and B by the organic dihalides 
from which L is derived 

and w is 0 or 1 

which are obtained by first forming a block of units 
by reacting a monomer of the formula II 



wherein each of R 5 , R 6 , R 7 , and R 8 are the same or different 



hydroxy alkyl and hydroxy polyoxyalkylene, 

with a molar excess of a dihalide of the formula: 
Hal - L - Hal 

wherein Hal represent a halogen atom and L is selected from 
-CH 2 CH 2 -0-CH 2 CH 2 -, -CH 2 CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 - , -(CH 2 ) t - and 
-CH 2 CHOHCH2- where t is an integer from 2 to 6 and there- 
after reacting the product so formed with a compound of 
the formula III 




and is selected from the group consisting of Ci_ 3 alkyl, 



*2 




wherein R x , R 2 , R 3 , and R 4 , are each individually selected 
from the group consisting of Cj_ 3 hydroxyalkyl and hydroxy 
DolvoYvalkvlene and r>. «nrt n »r« UH<t»^ti«n.» 4 ~ ~* 
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from 1 to 6 and, if necessary, in order to tmurt a total 
molar ratio of compounds of Formula* II and III to thoaa of 
tha formula Hal - L - Hal of 1:1, reacting tha product with 
further compound of tha formula Hal - L - Hal. 

These products are stated to be cf use as anti- 
static aids in detergent formulations and as flocculating 
agente. Example 7 deecribae a clay compaction test using such 
blocJc copolymers at low concentrations with Accugel T, a 
smectite-typ* clay at a pH of 5.0-5.9 in which it was found 
that at these pH's the block copolymer had a compacting effect 
on the clay. 

U.S. Patent 3,734,889 (LipowaJci issued May 22, 1973) 
describes the use of a polymer obtained by condensing 
polyamines having one primary amino group and one tertiary 
amino group with a chain axtender to produce producte usaful 
as flocculents, drainag* aids and dry strength resins in paper 
manufacture, for example, to assist in removal of fillers and 
fines used in the paper making process. 

U.S. Patent 4,505,833 (Lipowski iseued 
March 19, 1985) describee the use of quatemizad oligomers, 
including those obtained by reacting dimethyl propylamine with 
a dicarboxylic acid to prevent, inhibit or reduce swelling or 
migrating of clay particles including swalling clays such as 
smectites in a clayey geological formation. Rasulte ara 
reported of the effects at a pH of about 5.9. 

U.S. Patent 4,247,476 (Haase at al issued 
January 27, 1981) describes a certain type of polymeric 
quaternary ammonium salts which are stated to be of use ae 
dying and finishing agents in the textile industry and as 
dispersing agents and emulsifiers as anti-static anti 
microbial and flocculating agents and as precipitants. 

Jacquet U.S. Patent 4,517,174 describes cosmetic 
uses for a vide variety of polycationic polymers. Similar 
uses for certain bis (quaternary ammonium) derivatives are 
described in Zorayan's U.S. Patent 4,612,188. 

U.S. Patents 4,536,305 (Borchadt et al) and 



WO 90/07337 



PCI7USS9/05881 



-5- 

4,563,292 (Borchadt) describe the use of polymeric materials 
having aide chains containing quaternary ammonium groups for 
use in treating formations containing smectite-type availing 
clays to randar them lass swelling tharaby facilitating the 
extraction of oil or gas froa geological formulations In which 
such clays occur. This is effected by replacing ions presant 
in the clay by potass ium, calciua, ammonium and hydrogen ions 
that render the clays less swelling. The polycationic 
polyaers are statad to be helpful in retaining replacement 
ions in place. 

U.S. Patent 4/532,052 (Weaver et al) describes 
several new treataent processes and coapositiona for 
practicing thea. These processes substantially alter the 
fluid flow and surface characteristics of porous peraeable 
particular formations, especially subterranean formations 
intersected by an oil well. The coapositions of this 
invention also provide aethods of increasing viscosity or 
gelling aqueous fluids, especially acids, vhich can be used to 
treat such earthen formations. A vide variety of polyaers is 
described including branched organic polyaers of a vide 
molecular veight range. The branches are preferably 
hydrophilic and the polymer contains bonding groups (e.g., 
ionic bonding groups) vhich serve to attract or repel a 
substrate, a particular formation, suspended solids, other 
polymers or segaents, carrier fluid or a fluid to be treated. 

O.S. Patent 4,390,689 (Jacquet et al issued 
June 28, 1983) describes a variety of polycationic polyaers 
that are said to be useful in the treataent of hair and akin 
and natural and synthetic fibers. 

D.S. Patent 4,695,402 (Finlayson et al issued 
September 22, 1987) describes organophilic clay gallants 
prepared by a process wherein the smectite-type clay is 
subjected to shearing in order to break apart the agglomerates 
and/or the smectite-type clay and reacted with organic cation 
and, possibly organic anion, under dilute reaction conditions. 
The reaction product is recovered using gentle drying 
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conditions. Depending in large part on its composition, tha 
organophilic clay gallant may ba uaad to thicken a varlaty of 
organic compositions. It la atatad that in a prafarrad 
aspact, tha organophilic clay gallant can ba diractly addad to 
polyester coapoaitiona in ordar to efficiently and affactivaly 
incraaaa tha viacoaity thereof or can ba f irat forced into a 
pragel undar low ahaar conditiona to yiald avan highar 
efficiencies. Tha cationic aatariala aaployad includa 
aonoaeric aaaoniua salta auch aa benzyl diaathyl hydroganatad 
tallow annoniua chlorida. However, no auggaation ia aada of 
any usa of polymeric cationic aatariala. 

U.S. Patent 3,594,212 (Ditach laauad July 20, 1971) 
described the treataent of cotton fibroua aaterlal with an 
alkali metal or acid montmorillonita clay with a polyaaine or 
polyquatemary aaaoniua compound to impart aoftneae. It ia 
stated that any montmorillonite clay can ba uaad and any 
polyamina or polyquatemary aaaoniua coapound that is water 
aoluble. However, polyialnea are preferred. Polymers of the 
type described in U.S. Patent 3,594,212 are dlacuaaad in U.S. 
Patent. 4,141,691 (Antonetti et al, iasusd February 27, 1979). 
Thia indicatea that auch polyaera may have a flocculating 
effect on claya. 

U.S. Patent 4,677,158 (Tao et al) deecribea tha uae 

of a high molecular weight polyethoxylated quaternary aaaoniua 
monomer compound to treat certain smectite claya to render 
them useful as thickeners for aqueous suspension auch aa latex 
paints. 

U.S. Patente, 4,610,801 and 4,711,727 (Hatthewa et 
al iasued September 9, 1986 and December 8, 1987 raapectively) 
describe the alurrying of mineral particlee poaaibly Including 
a synthetic hectorite by using as flocculating agenta various 
cationic and amphoteric polyelectrolytes such aa polyamines. 
The slurries are stated to be useful in paper making and the 
treataent of sewage. 

U.S. Patent 4,365,030 (Oswald et al ieaued 
December 21, 1982) describes higher dialkyl diaethyl aaaoniua 



clays of use as gallants of use far exzcqple in alkyl resin based 
coatings. 

Another argancphilic clay gallant is described in U.S. 
Patent 4,412,018 (Finlayscn et al issued October 25, 1983). The 
product is a smectite type clay into viiich organic cations and 
anions have been intercalated. Ancng the possible cations mentioned 
are quaternary asncniixn < aqpounds. 

Another gellanc of this type is rtnnrrlhnrl in U.S. Patent 
4,434,076 (Jfardis et al issued February 28, 1984). In this case, a 
smectite-type clay is reacted with an organic cnfcicnic occpound, such 
as a quaternary anncnium occpound that possesses at least one ft- a 
unsaturated alkyl group or a hydraxyalkyl group of 2-6 carbon atoms, 
a long chain alkyl group and one or two relatively sh or t chain alkyl 
groups. 

U.S. Patent 2,873,251 (Jones issued February 10, 1959) 
describes the use of polyandries in drilling oris. Bentonite type 
days nay be press e d in the nud. 

U.S. Patent 2,807,910 (Erickecn issued October 1, 1957) 
describes the addition of polyquaternary asnoniua acnpound as soil 
ocnditionsrs. 

U.S. Patent 4,436,862 Ttetenbaun issued March 13, 1984, 
describes the use of a smectite-type clay in an aqueous thickening 
ocBpositicn aonprising a water dispersible polyurethane wherein the 
polyurethane nay be mnrH fieri by i ncorpora tion of diamine reactives. 

Qrganoclay ocpplexes are marketed under the tradename 
Bentcne. Such oaqplooes are made fron sisple mcnoquatemary anncnium 
salts, possessin g one or more fatty alkyl groups on the quaternary 
nitrogen, and a noectite type day. These ocBglexes are lipophilic 
and are widely used to thicken oil-based systaos such as alkyd paints, 
oil-based dr illin g nuds and certain r<r*ar**\c* fanaulaticns. They are 
generally formed under very specific conditions in aqueous media, 
then isolated, dried and marketed as solid products. 

ffiEEEjESCBierigi or the EBESBg mssnsa 

We have now found that the origination of certain 
types of polyquaternary cccpounds with smectite clays prai uo ps 
very useful thickening agents for use in aqueous system . 
Such agents are useful for thickening personal care f amulations 
such as creams and lotions, as well as make-up 
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bases. Other potential applications are in latax paint, 
aqueous hydraulic fluids, drilling suds, and concrete 
additivaa. In tha lattar application, thaaa complexes could 
•arva to decrease tha concrete's density and prolong tha 
drying tiae, thus dacr easing tha tendency to form cracks. 

The polyquatemary compounds of usa in the present 
invention are those that comprise the repeating group 
*5 0 0 R 7 

-L-N#- (CH 2 ) n -NHC ( CH 2 ) a -&fH ( CH 2 ) ,N^- 
*6 Kg 
wherein R 5 , R 6 , R 7 and R 8 may be the same or different and are 
eelected from the group consisting of Cj-3 alkyl, Cj. 3 hydroxy 
alkyl or polyoxy alkyl ana, L is a linking group derived froa a 
dihalide, a is an integer froa 0 to 34, but is preferably at 
least 1, typically 4-7 for exaaple about 6 and r and s are the 
same or different and are integers of froa 1 to 6. 

Typical L groups are those of the formula 
-CH 2 CH 2 - (OCH 2 CH 2 ) u -OCH 2 CH 2 wherein u is 0 or 1, (CH 2 ) t where t 
is froa 2 to 6 and -CH 2 CH(OH)CH 2 -. 

Such units may comprise the sole repeating units in 
the polymer or they aay be present togsther with units of the 
formula: 

Rl 0 R 3 

-N®- ( CH 2 ) pNHCNH ( CH 2 ) q N©-L- 
R 2 R 4 

wherein Rj_, R 2 , R 3 and R 4 may be the sama or different and are 
eelected froa the group consisting of Cj. 3 alkyl, Cj. 3 
hydroxyalkyl or polyoxyalkylene, p and q are each integere 
from 1-6 and L is a linkage group derived from a dihalide. 
When such additional units are present the product may be in 
the form of a block or random copolymer. 

Accordingly from the first aspect, the present 
invention comprises a thickening agent comprising a mixture of 
a smectite clay and a polyquatemary ammonium polymer 
comprising repeating units of the formula: 
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R 5 O 0 R 7 

-L-N$- (CH 2 ) r -KH"c (CH 2 ) B -CNH (CH 2 ) J&- 

R« Re 

wherein R5, R$, R7, Re* r, • and L are as defined above. 

From a second aspect, the preeent invention 
cosprises a method tor preparing auch a thickening agent by 
subjecting an aqueous sixtura of a snectite clay and a polyaer 
of the specified type to mixing conditions, preferably at high 
shear. 

Froa a third aspect, the present invention provides 
a latex paint composition containing a thickening agent of the 
type described and froa a fourth aspect it provides a cosmetic 
composition containing a thickening agent of the type 
described. 

without wishing to be bound by any theory, we 
believe that the usefulness of the thickening agents of the 
present invention lies in the ability of the particular 
polyquaternary compounds used in the present invention to 
cause the smectite clays to swell and increase the hydration 
of the clay. This phenomenon is apparent at pH's above about 
6.5 and aore particularly at pH's above 7. It appears that 
the gel structure of the polyaer/clay structure that is stable 
in alkali conditions breaks down if the systea becoaee acid to 
a significant extent. This contrasts, for exaaple, with the 
effect of the polyquatemaries used in U.S. Patent 3,594,212 
whose role is to cause flocculation or the product of U.S. 
Patent 4,157,380 which our tests have shown cause coapaction 
rather than swelling of the clay. 

DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 
The polyquaternary polymers for use in the present 
invention are preferably of the type described in commonly 
assigned copending application 758,483 or in commonly assigned 
Patent No. 4,719,282. 

The polymers of application 758,483 are of the 

fnniM 1 A ! 
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f5 O 0 R, 

-N$- (CH 2 ) r -NHd- (CH 2 ) a -i-NH- (CH 2 ) .-N0-L- 
R 6 R 8 



2vZ' 
v 



wherein R 5/ R 6 , R 7 and R 8 art each selected from the group 
consisting of C1-C3 alfcyl. r and ■ are each integers from 1- 
6, typically 3, and m is from o to 34, normally at least 1 and 
commonly 4-7 for example about 6. v has an average valus of 
greatsr than 50, prafarably 70-140, typically about 110-120. 
L is a linXihg group and is commonly a rasidua of an alJcylene 
dihalide such as athylana dichlorida or a dihaloganatad athar 
such as 2 , 2 • -dichloro diathyl ether. Z is halogen. Tha 
production of such polymars is dascribad in copanding 
application 758,483 and its corrasponding publishad Europaan 
countarpart, Europaan Patant 122*24 both of which ara herein 
incorporatad by rafarenca. Such polymars typically hava a 
numbar avaraga aolacular waight in axcass of 20,000 typically 
in tha ranga 40,000 to 55,000. Thasa products ara praparad by 
condansing two aolas of an H,N-disubstitutad al)cylana diaaina 
with a dicarboxyllc acid and subsaquantly quatemizing this 
with a compound of tha formula Hal-L-Hal vharain Hal la a halo 
atom such as chloro. Thasa products diffar from tha 
polyquaternariea described in U.S. Patant 4,505,833 in that 
the products described in that patent are apparently of 
relatively low molecular weight and ara produced by a 
different meaning that will result in their having different 
impurity contents. 

Polymers according to U.S. Patent 4,719,282 are 
bloc* copolymer! of the formula: 
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[(2[x+y)]+ 

[ QyL ( AL) x ( BL) yAQy ] 2 (x+y) D" 

wherein A is 



and B is 



fl 0 R 3 

-y©(CH 2 ) pNHl!NH (CH 2 ) q»#- 
R 2 R 4 



?5 J O R 7 

- N©(CH 2 ) ^0(012 ) B C3ra(CH 2 ). j^- 

R 6 R 8 



wherein: 



Ri» R2» R 3» R 4» Rs» R$# R7» and R 8 aro the same or 
different and are generally selected from the group consist- 
ing of Ci-C^ alkyl, Ci-Cj hydroxyal)cyl , or hydroxy polyoxy- 
alkylene; 

D is a halide ion; 

L is a linkage derived froa a dihalide, after 
removal of the halogen atoms, x and y are integers ranging 
from 1-100, 

m is an integer from 0 to 34, 

p, q, r and s are the same or different and are 

integers from 1 to 6, 

and Q is (BL) Y where the bonds between L and A or B 
are carbon-nitrogen bonds formed by quaternization of the 
tertiary amine functions of A and B by the organic dihalides 
from which L is derived 

and w is 0 or 1 

which are obtained by first forming a block of 
units by reacting a monomer of the formula II 



R5 0 0 R 7 

II II / 7 



' N ( CH 2 ) r KHC ( CH 2 ) m CNH ( CH 2 ) S N 
R 6 N R 8 



wherein each of Rc . Rr . R-» . »nrt nr« th« a»mo nr Hifforont 
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and is selected froa the group consisting of C^j alfcyl, Cj. 3 
hydroxy alley 1 and hydroxy polyoxyalkylene, 

with a solar axcass of a dihalida of tha formula: 
Hal - L - Hal 

vhersin Hal rapraaant a halogan atom and L is salactad from 
-CH 2 CH 2 -0-CH 2 CH 2 -, -CH 2 CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 -, "(CH 2 ) t - and 
-CH 2 CHOHCH 2 - whara t is an intagar from 2 to 6 and tharaaftsr 
reacting ths product so formad with a compound of tha formula 
III 

R l 0 R3 

^ N(CH 2 )pKHCNH(CH 2 ) q N ^ 

R 2 R4 

wherein R 1# R 2 , R 3 , and R 4 , are each individually aelected 
from the group consisting of C x . 3 hydroxyalkyl and hydroxy 
polyoxyal)cylene and p, and q are each individually integers of 
from 1 to 6 and, if necessary, in order to ensure a total 
molar ratio of compounds of Formulae IX and III to those of 
the formula Hal - L - Hal of 1:1, reacting the product with 
further compound of the formula Hal - L - Hal. 

Such polymers conveniently contain B and A units in 
a ratio 0.66 to 19:1 more preferably 3 to 9:1. 

The R^, R 2 , R 3 , R 4 , r 5 , r 6 , r 7 and Rj groups are 
briefly all alfcyl, for example, methyl or ethyl. Typically p, 
q, r and s are from 2 to 4 and a is froa 4-7. Such polymers 
typically have a molecular weight in the range 20,000 to 
50,0000. 

The production of such block copolymers is described 
in U.S. Patent 4,719,282, which is incorporated herein by 
reference. There will now be described production of 
particularly useful coapounds namely those wherain recurring 
group A is derived froa a monomer of the formula 
CH 3 0 CH-> 

^ N(CH 2 ) 3 tf>:CKH(CH 2 ) 3 N 
CH 3 ^ CH 3 

Formula VI 
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recurring group B ia derived from a monomer of tha formula 

CH 3 0 0 CH 3 

N N(CH 2 ) 3 NHC(CH 2 ) 4 CNH(CH 2 ) 3 N ^ 
CH 3 CH 3 

Formula VII 

and L ia -CH 2 CH 2 -0-CH 2 CH 2 - 

It will, hovavar, be appraciatad that tha tachnlquas 
described harain ara aqually applicable to tha production of 
copolymera wharain A, B and L hava different values. 

Typically a monomer of formula VII la heated in an 
aqueous madium to from 60-100 # C, preferably about 90 # -100*C. 
and a molar exceaa of 2,2 '-bis chloroethyl ether added elovly, 
typically over a period of one to three hours. The excess of 
the dichloro ether should not exceed 25% but will depend upon 
the ratio of A and B units in the final product, so that if 
tha ratio of B to A ia 0.66 :1a 25% molar excess of the 
dichloro ether may be used vhereae if tha final ratio of B to 
A unite la 19 : 1 a molar axcess of the dichloro ether of only 
about 10% will ba satisfactory. Once addition of the 
dichloroether haa been completed, heating of the reaction 
mixture ia continued for several hours (typically 6 to 10 
houra) . Monomer of formula VI ia then added followed by 
additional 2, 2' -bis (chloroethyl) ether in an amount to result 
in a 1 : 1 molar ratio of eaid ether to tha total number of 
moles of monomara of formulae VI and VII. The reaction 
mixture is then maintained at elevated temperature, typically 
in the range of 90 to 100'C. until the ratio of ionic chloride 
to total chloride exceeds 0.99 : 1. Such a determination of 
tha amount of ionic chloride can be made, for example by 
potentioaetric titration. 

Generally, reactions are conducted in such a way 
that virtually all of the organic dihalide ia consumed or 
removed from the product. In this way, essentially all end 
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groups of th« polyasr chains are tertiary amino groups. A 
variant of this procedure nay b« used when ths ratio of 
Bonoasr of foraula VII ussd to monomer of formula VI sxcssds 
9:1. In that cats all of ths 2,2'bls (chlorosthyl) sthsr 
aay bs addsd to ths compound of formula VII bsfors addition of 
compound of formula VI. 

Typical products according to ths invsntlon havs a 
solar ratio of B to A units in ths rangs l : l to 9 i 1. 

Smsctitss ussd in ths prsssnt Invsntlon can bs of 
sithsr ths dioctahedral or trloctahsdral typss and lncluds 
materials such as aontmorillonits, sporaits, bsntonits, 
nontronits, beidsllits, sauconits and hsctorits. 

Suitable smectites lncluds but ars not liaitsd to 
those sold under ths trademarks VANGEL ES and VEEGUM HV 
(VANCEL AND VEECUM ars tradeaark of RT Vanderbilt Coapany, 
Inc. of Norwalk, Connecticut). 

Ths ratio of vatsr: clay: cat ionic polyasr that aay bs 
used aay vary over a wide rangs dspsnding on ths sxchangs 
capacity of ths clay, ths dssirsd viscosity and dssirsd 
rheology of the final foraulation. Typically, ths ratio of 
saectits to ths polymeric quaternary compound in ths 
thickening agents of the pressnt invsntlon is from 1 to 
20 :1, prsferably 1 to 5 :1 by weight. 

The compositions of the invention should havs a pH 
of at least 6.5, preferably 7 or more. For example, 
compositions may have a pH in the range 8-10, often about 9. 
This pH will typically be the result of the presence of 
components of ths composition, for example, components of a 
cosset ic composition. If necessary, however, pH aay bs raised 
by adding other alkaline components compatible with the 
intended use of the thickening agent. 

The thickening agents of the invention frequently 
employ a smectite that has been subjected to high speed shear. 
This may be effected by subjecting a mixture of the smectite 
and the polymeric quaternary compound to high speed shear. 

An alternative, but less preferred method for 
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producing the thickening of the present invention is to effect 
high speed shear of the smectite prior to addition of the 
polymeric quaternary compound. In this case, it will then 
take a longer time to achieve maximum viscosity when the 
polymer is addsd after applying shear. Adding the polymer 
before homogenizing the mixture rssults in much more rapid 
hydration of the clay giving a particle-free dispersion within 
1-2 minutes. 

The thickening agents of the present invention may 
be employed in a vide variety of aqueous systems. Smectite 
clays are often used for such purposes. The improved swelling 
of the products of the present invention enables them to be 
used as a replacement for untreated smectites in any situation 
wherein such improved swelling is useful. For example, 
together with an anionic, nonionic, amphoteric or cationic 
detergent - they may be employed in cleansing compositions 
such as shampoos and cleansing creams and lotions, for 
example, skin care creams, liquid soaps and facial make-up 
removal lotions. In such casss, the thickener will normally 
be present in from about 1.0 to 8.0 percent by weight of the 
final formulation, although products may be shipped in a more 
concentrated form. They may also find use in latex paints 
such as vinyl acetate and vinyl acrylic latex paints. 
Thickening agents according to the invention are usefully 
present in amounts of from 0.1 to 1.5 percent by weight of the 
paint, although in some cases different concentrations may be 
appropriate. 

The invention will now be more clearly understood by 
reference to the following examples which are sst forth as 
being merely illustrative of the invention and which are not 
intended, in any manner, to be limitative thereof. 

EXAMPLES 1-2 

A hydrophilic organo-clay complex was formed using 
1.0% and 2.0% of various MIRAPOLS R with Vangel ZS. MTRAPOL 1 * 
is the tradename for high charge cationic polymers available 
from Miranol Inc. 
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Th* clay Vangel £S bit a cationic exchange capacity 
of 5-15 meg/100 g. viacoeitiaa, in cantipoiaa, of these 
complexes art tabulated below. For comparison, viacoaitiaa 
ara also given for varioua concsnt ration* of Vangal ES in 
water (i.e., no MIRAPOL* present) . 



1.0% MIRAPOI& 2.S 



Hone 

AD-1 

AZ-1 

95 

9 

175 



800 
3,200 
1,500 
3,400 
3,700 
4,200 



% V ANGEL ES 

ZJL 



1,000 
22,500 

4,500 
22,500 
40,000 
48,000 



1,350 
35,000 

36,500 
68 . 000 
87,000 



JUSL 



10. 0 



1,550 
40,000 
28,000 
41,000 
>100,000 
>100,000 



1,800 
> 100, 000 

>100,000 
>100,000 
>100,000 



MIRAPOL* AD-l is the cationic polymer from adipic 
acid described in U.S. Application 758.483. 

HIRAPOL* A2-1 is the cationic polymer from azelaic 
acid described in U.S. Application 758,483. 

KIRAPOL* 9 is the block copolymer described in 
Example 2 of U.S. 4,719,282. 

KIRAPOL* 95 is the bloc* copolymer described in 
Example 2 of U.S. 4,719,282 except that it contains 0.95 moles 
of Condensate B and 0.05 moles of Condensate A. 

MIRAPOL* 175 is the bloc* copolymer described in 
Example 3 of U.S. 4,719,282. 



2.0% MIftAPOtfl 



Hone 

AD-1 

AZ-1 

95 

9 

175 



% VANCEL ES 



2,5 


5,9 


7,0 


8.0 


10.0 


800 


1,000 


1,350 


1,550 


<1,800 


2,500 


15,000 


22,000 


32,000 


75,000 




3,500 




12,000 




2,600 


15,000 


23,000 


33,000 


77,000 


2,800 


6,000 


26,000 


36,000 


87,000 


3,200 


5,000 


29,000 


40,000 


92,000 
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EXAMPLB 3 

In addition, complexes were prepared from MIRAPOLS R 

and Veegum HV which is a different grade of smectite clay 

having a cationic exchange capacity of 75-85 meq/100 g. 

Various amounts of Veegum HV by itself in water gave the 
following viscosities (in centipoise) : 

% VEEGUM HV 2.0 3.0 4.0 5.0 1Q.Q 

Viscosity 100 500 1,000 2,500 4,000 45,000 80,000 

EXAMPIJS 4 

Using 2.0% Veegum HV with 0.5% and 1.0% KXRAPOL R , 
the following viscosities were obtained: 



MIRAPPL* 


0.5% 


1.0% 


AD-1 


4,500 


6,000 


AZ-1 


1,000 


4,000 


95 


4,000 


5,000 


9 


6,500 


9,000 


175 


8,000 


11,000 



Using 10% Veegum HV and from 0.8 to 3.2% of the 
above MIRAP0LS R , all viscosities were greater than 100,000 
centipoise. 

EXAMPLE 5 

With 5.0% Veegum HV, the various MIRAPOLS R , at 
levels shown below, give the viscosities indicated: 



HIEAEQL* 0-4% 0-8% 1,6% 

AD-l 8,000 12,000 26,000 

AZ-1 13,500 25,500 36,000 

95 7,500 12,000 23,000 

9 11,000 17,500 28,000 
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EXAMPLES 6-B 

Unstable systems were obtained in all cases using 
either Vangel ES or Veegum HV with the following materials: 

Pol voua tern lum-2 which is a polymeric quaternary 
ammonium salt that generally conforms to the following 
structure and is available as MIRAP0l£ A-15. 



CH 3 0 CH 3 

-N-(CH 2 )3NHCNH(CH2)3N-CH 2 CH 0 CH2CH2- [ 2nCl' 
CH 3 CH 3 



PolyguofrniMa-? which is a polymer of dimethyl 
diallyl ammonium chloride and is available as MERQUAT* 100. 

Polvauatemlum-7 which is the polymeric quaternary 
ammonium salt consisting of acrylamide and dimethyl diallyl 
ammonium chloride monomers and is available as MERQUAT* 550. 

Another advantage to the use of these selected 
MlRAPOLS R with clays is that they not only build higher 
viscosity in water for a given amount of clay, but they 
significantly increase the rate of hydration of thi clay. 
Using high shear equipment (e.g. homogenizer) it takes 15 to 
30 minutes to fully hydrate the VANGEL ES (clay). However, if 
the clay is added to water using a homogenizer and this is 
immediately followed by the addition of MIRAPOL*, complete 
hydration (i.e., a particle-free dispersion) is obtained in 
1-2 minutes. 

The following examples demonstrate the effect of the 
MIRAPOL R /clay combination compared to use of clay alone. 

EXAMPLE * 
Use in Skin Cream 



MIRANOL ESTER PO-LM4 (1) 5.0 5.0 

Mineral Oil 20.0 20.0 

Arlacel 165 2.5 2.5 
[ICI AMERICAS] (2) 

Stearyl Alcohol 0.5 0.5 
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fi -t- 
Deionized Water 69.3 
Vangel ES [R.T. Vanderbilt] 2.5 
MIRAPOL AD-1 

(1) CTFA name: Polypentaerythrityl Tetralaurate 

(2) CTFA nana: Glyceryl Stearata (and) PEC-100 Staarata 

Preeadura ; Premix A vaa heat ad to 75°C with mixing. After 
honogeni ration Premix B was added to Premix A with agitation. 
Agitation vaa continued until uniform and the mixture vaa then 
allowed to cool to room temperature. 

OBSERVATION 

r - Unstable 
G - Stable 



68.5 
2.5 
1.0 



EXAMPLE 10 
u«e In Facial /Maxa-Uo Remover 

KIRANOL ESTER PO-LM4 5.0 

Mineral Oil 10.0 

Ceraaynt SD (glyceryl Stearate) 5.0 

Stearyl Alcohol 0.5 

Cetyl Alcohol 0.5 

Deionized Water * 7 -0 

Veegua HV (Magnesium Aluminum 

Silicate) 3.0 

MIRAPOL 95 1-0 

MIRANOL C2M-conc. SF (1) 8.0 
(1) CTFA name: Cocoaaphodipropionate 

Procedure ; Preaix A was heated tc 75°C. Preaix B 
was heated to 50°C and homogenized to ensure uniformity. A 
was added to B and then C with agitation. Agitation wae 
continued until uniform and the resulting mixture was then 
ullowad to cool to room teaperature. 
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EXAMPLE IX 
Use In Liquid Soap 



KTPAVOT. r5M PftV W P -TV M\ 


* U • U 


20.0 


20 • 0 


rOwalliufl LaUrawB oOlJl*/ 




35.0 


35.0 


La ur amide DEA 


2.0 


2.0 


2.0 


Ceraaynt IP [VAN-DYX] (2) 


1.0 


1.0 


1.0 


Deionized Water 


42.0 


B 

39.0 


38.0 


MIRAPOL AD-1 






1.0 


Vangel ES (R.T. Vanderbilt) 




3.0 


3.0 



(1) CTFA nam*: Cocoamphodiacetate 

(2) CTFA name: Glycol Stearate (and) Othar Ingredients 

Procedure t Prenix II vaa praparad ualng an 
homogenizer to aaaura uniformity. Preaix Z vaa haatad to 75°C 
and aixed until uniform. It vaa coolad to 50°C and pH 
adjuatad to 7.8. Pramix II vaa addad and aixad until uniform 
and than allovad to cool to rooa taaparatura. 
PROTOTYPE viscosity 

A 500 cps 

B 4,800 cpa 

C 10,000 cpa 



EXAMPLE 12 

Tha following illustrates the effect of adding the 

cationic polymer before applying shear. 

A B C 

Deionized Water 94.0 94.0 95.0 

Vangel ES 5.0 5.0 5.0 

MIRAPOL AD-1 1.0 1.0 

Viscosity 34,000cP 16,500cP 500CP 
(1 hr. after mixing) 



In A, the clay/vater was subjected to mixing vith 
the homogenizer for 30 minutes then MIRAPOL AD-1 vaa added and 
the mixture homogenized for 5 minutes. In B, after 30 minutes 
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homogenizing the clay/water, MXRAPOL AD-1 was added and 
mixed for 5 minutes by band using a stirring rod. In C, 
the clay/water was homogenized for 30 minutes. 

A viscosity of 22,500 cP for 1.0% MIRAPOL AD-1, 
5.0% Vangel ES and 94.0% water is shown in Example I. This 
viscosity was measured immediately after homogenizing the 
sample. The sample, rfter standing for 2 months, had a 
viscosity of I00,000cp. For the examples cited above, after 
standing overnight, the viscosities were: A-47, 500cP, 
B-38,000 cP, O750cP. A sample having the same composition 
as C that was made about 2 months before had an initial 
viscosity of l,000cP which was unchanged after 2 months. 
From this, it appears that it is not necessary to have the 
cat ionic polymer present before applying shear, but that it 
will then take a longer time to achieve maximum viscosity 
when the polymer is added after applying shear. In addition, 
adding the polymer before homogenizing the mixture results in 
much more rapid hydration of the clay giving a particle-free 
dispersion with 1-2 minutes. 
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CLAIMS 

1 - An aqueous thickening composition having a pH of 

at least 6.5 comprising a smectite clay in combination with 
a quaternary aaaoni.ua polymer comprising a repeating unit of 
the formula: 

-L-N®- ( CH 2 ) r -NHC (CH 2 ) B -C?NH ( CH 2 ) s >#- 
R 6 R 8 
wherein R 5 , R 6 , R 7 and R 8 aay be the saae or different and 
are selected froa the group consisting of Cj_ 3 alkyl, ^.3 
hydroxy al)cyl or polyoxy alkylene, L is a linJcing group 
derived from a dihalide, a is an integer froa 0 to 34, and r 
and s are the saae or different and are integers froa 
1 to 6. 

2. An aqueous coaposition comprising a thickening 
agent as claimed in claim 1 wherein the smectite is a 
sheared smectite. 

3. An aqueous thickening composition according to 
either of claims 1 and 2, having a pH of at least 7. 

4 * An aqueous coaposition according to any one of the 

preceding claias, wherein said quaternary ammonium polymer 
is one wherein substantially all of the repeating units are 
of the said formula: 

?5 0 0 r 7 

-L-N®- (CH 2 ) n -NHC (CH 2 ) B -CNH (CH 2 ) S N®- 

*6 R 8 
wherein R 5 , R 6 , R 7 and R 8 may be the same or different and 
are selected from the group consisting of Cj_ 3 allcyl, 
hydroxy allcyl or polyoxy alkylene, L is a linking group 
derived from a dihalide, m is an integer from 0 to 34, and r 
and s are the same or different and are integers from 
1 to 6. 

5 « An aqueous composition according to claim 4, 

wherein the quaternary ammonium polymer has a molecular 
weight of 40,000 to 55,000. 

6 - An aqueous composition according to any one of 

claims 1, 2 and 3, wherein said ouaternarv ammonium Dolvaer 
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is a block copolymer of the formula: 

C(2[x+y)]© 

[ QyL ( AL^ ( BL) yAQy ] 2(X+y) C© 

wherein A is 

R 2 R 4 



and B is 



R 5 0 0 R 7 

ch 2 ) jJihc ( ch 2 ) Jam (ch 2 ) 8 *0- 
R 6 Re 



wherein 



Rl* R 2 ' R 3' R 4' R 5* J*6' R 7' and R 8 aro tfao same or 
different and are generally selected from the group 
consisting of Cj_c 3 alkyl, C^Cj hydroxyalkyl , or hydroxy 
polyoxyalkylene ; 

D is a halide ion; 

L is a linkage derived fron a dihalide after 
removal of the halogen atoms, x and y are integers ranging 
from 1-100 , 

m is an integer from 0 to 34, 

p, q, r and s are the same or different and are 
integers from 1 to 6, 

and Q is (BL) y where the bonds between L and A or 
B are carbon-nitrogen bonds formed by quatemization of the 
tertiary amine functions of A and B by the organic dihalides 
from which L is derived 

and w is 0 or 1 

which are obtained by first forming a block of 

units by reacting a monomer of the formula II 

R 5 O o ^R7 

^ N ( CH 2 ) r NH C ( CH 2 ) n 6ffl ( CH 2 ) s N 

*6 ^^ R 8 
wherein each of R 5 , R 6 , R 7 , and R 8 may be the same or 

different and is selected from the group consisting of 

alkyl, hydroxy alkyl and polyoxyalkylene, 
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Hal - L - Hal 

wherein Hal represent a halogen atom and L is selected from 
-CH 2 CH 2 -0-CH 2 CH2-, -CH 2 CH 2 -0-CH 2 CH2 -0-CH 2 CH 2 - , -(CH 2 ) t - and 
-CH 2 CHOHCH 2 - where t is an integer from 2 to 6 and 
thereafter reacting the product so formed with a compound of 
the formula III 



_ iN(CH 2 ) p NHCNH(CH 2 ) q N' 

*2 X R 4 
wherein R lf R 2 , R 3 , and R 4 , are each individually selected 
from the group consisting of C 1-3 hydroxyalJcyl and 
polyoxyallcylene and p, and q are each individually integers 
of from 1 to 6 and, if necessary, in order to ensure a total 
molar ratio of compounds of Formulae II and III to those of 
the formula Hal - L - Hal of 1:1, reacting the product with 
further compound of the formula Hal - L - Hal. 

7. An aqueous composition according to claim 6, 
wherein in said block copolymer the ratio of B to A units is 
in the range 0.66 to 19:1. 

8. aqueous composition according to claim 6 or 7, 
wherein in said block copolymer the ratio of B to A units is 
in the range 3 to 9:1. 

9. An aqueous composition according to any one of the 
preceding claims, wherein R 5 , R 6 , R 7 and R 8 are each 
selected from methyl and ethyl. 

10. An aqueous composition according to any one of the 
preceding claims, wherein r and s are from 2 to 4. 

11. An aqueous composition according to any one of the 
preceding claims, wherein m is from 4 to 7. 

12 • An aqueous composition according to any one of the 

preceding claims, which comprises a repeating unit of the 
formula 

CH 3 0 0 CH 3 

Y-(CH 2 ) 2 -N©-(CH 2 ) 3 -NH-i!(CH 2 ) 6 C-NH(CH 2 )3-N©- 

^3 in 3 
wherein Y (CH 2 ) 2 0. 
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claims 6-12, wherein Rj, R 2 , R3 and R 4 are each methyl or 
ethyl. 

14. An aqueous composition according to any one of 
claims 6-12, wherein p and q are each from 2 to 4. 

15. An aqueous composition according to any one of the 
preceding claims, wherein the smectite was sheared after 
admixture with the quaternary ammonium polymer. 

16. An aqueous composition according to any one of the 
preceding claims, wherein the smectite has been subjected to 
shear prior to admixture with the quaternary ammonium 
polymer. 

17. An aqueous composition according to any one of the 
preceding claims, wherein the ratio of sheared smectite to 
quaternary ammonium polymer is in the range 1 to 20:1 by 
weight. 

18. A formulation containing a thickening agent as 
claimed in any one of the preceding claims wherein said 
formulation is a cosmetic, a latex paint, a hydraulic fluid 
or a drilling mud. 

19. Concrete containing a thickening agent as claimed 
in any one of the preceding claims. 

20. A method of preparing a thickening agent which 
comprises admixing a smectite and a quaternary ammonium 
polymer as defined in any one of claims 1 and 4-14 
comprising a repeating unit of the formula 

R 5 O O R 7 

-L-N®- ( CH 2 ) r -NHC ( CH 2 ) m ~^m ( CH 2 ) 

R 6 *8 
wherein R5, Rg, R7 and R 8 may be the same or different and 

are selected from the group consisting of C^-3 alkyl, ^.3 

hydroxy alkyl or polyoxy alkylene, L is a linking group 

derived from a dihalide, m is an integer from 0 to 34, and r 

and s are the same or different and are integers from 1 to 6 

and thereafter subjecting the mixture to high shear. 
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